Abstract In this paper we present an innovative haptic device that combines the electro-tactile stimulation with the force and visual feedbacks in order to improve the perception of a virtual world. We discuss the sensation evoked in a user by the haptic, force, and the visual interface as provided by this device, implemented as a special glove, equipped with sensors and actuators connected to a PC. The techniques used to recreate tactile and kinesthetic sensations are based on an innovative use of cutaneous stimulation integrated with actuators and 3D modelling techniques. We discuss about the specificity of haptic interfaces, their controllers, their open problems. We present results about generating the sensation of touching virtual objects with our device. Experiments show also that, using a multi-modal sensorial pattern of stimulation, the subject perceives more realistically the virtual object. We discuss the possible use of the same technique as a way to interface intelligent robots.
Introduction
Haptic sense is very important for human beings. Together with vision, the touch holds a primary role, especially during activities like objects manipulation. Sometime touch can also overcome or substitute vision, as in the case of blind people [1] that are able to acquire the properties of an object only touching and lifting it. Indeed with the haptic sense it is possible to gain plenty of information about weight, shape, texture, temperature, consistency. This means that if we want improve the human interaction with a virtual world we have to take in account the properties and modality of this fundamental sensorial channel.
There are many ways to evoke a touch sensation, nevertheless we can make a first classification in two methods that:
• reproduce the physical stimulus • stimulate directly the receptor's nerve Even if the purpose is the same, there is a conceptual difference between these two methods. In the first case, when reproducing the physical stimulus we act directly on the receptor body; this causes the depolarization of the membrane and therefore an action potential is sent to the central nervous system (CNS). Using the second approach we directly depolarize the receptor's membrane, injecting a current inside the tissue. This again causes the action potential, but without generating the physical stimulus. We can say that this methodology uses a more direct interface with the nervous system.
It is possible to reproduce the touch stimulus using different technologies. Researchers at Tokyo University of Agriculture and Technology [2] built a tactile display that uses ferro-magnetic chips attached directly to the skin; the pressure applied is proportional to the magnetic field generated by coils located near the chips. Using an array of 4×4 pneumatic orifices, the touch display designed at University of Salford [3] can emulate the object shape and texture. The air-jet pressure of each single pin is modulated in order to change the force that acts on the user fingertip. The system can produce a wide range of statical and dynamical tactile sensations with a virtual or remote environment. Another way to generate the tactile stimulus has been proposed by Yoshikawa et al. [4] ; in their haptic device the problem of permanent contact between finger and device is solved introducing a finger tracking system. When the user moves the finger around the free work space, the haptic device moves with it avoiding any contact with the finger. When a virtual object is encountered (in the correspondent virtual environment) the contact between the device and the finger is allowed and a reaction force is transmitted to the user. In this case, due to the device framework, more importance is given to the kinesthetic feedback than the touch feedback.
A complete different way to generate the touch stimulus is the method that uses a current to depolarize the receptor's membrane. This is also referred as electro-tactile stimulation; using a superficial electrode interfaced with the user skin, and a high voltage (30-300 V) source, it is possible injecting a biphasic current inside the tissue. Different experiments were done to find the best pattern of stimulation; Kaczmarek et al. in their early studies [5] discovered that the static skin-electrode resistance decreases non-linearly with increasing stimulation current. This suggests to model the skin-electrode interface with a resistance-capacitor circuit. In a successive work the authors [6] experimented a complex electro-tactile display; the haptic device consists in a matrix of 7×7 small electrodes that fits the size of a medium fingertip. Activating independently the electrodes and modulating the current it is possible to generate complex patterns of stimulation. They discovered that the number of patterns correctly recognized increases monotonically with the current intensity of the stimulation.
